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Abstract 1 
Background. Severe protein C (PC) deficiency is a rare heritable thrombophilia leading to the 2 
thromboembolic events during the neonatal period. It remains unclear how complete PC gene (PROC) 3 
defective individuals develop or escape the neonatal stroke or purpura fulminans. Procedure. We 4 
studied the onset of the disease and the genotype of 22 PC-deficient patients with double mutations in 5 
PROC based on our cohort (n=12) and the previous reports (n=10) in Japan. Results. Twenty-two 6 
patients in 20 unrelated families had 4 homozygous and 18 compound heterozygous mutations. 7 
Sixteen newborns presented with purpura fulminans (n=11, 69%), intracranial thromboembolism and 8 
hemorrhaging (n=13, 81%), or both (n=8, 50%), with most showing a plasma PC activity of <10%. 9 
Six others first developed overt thromboembolism when they were over 15 years of age, showing a 10 
median PC activity of 31% (range: 19-52%). Fifteen of the 22 patients (68%) had the 5 major 11 
mutations (G423VfsX82, V339M, R211W, M406I, and F181V) or 2 others (E68K and K193del) that 12 
have been reported in Japan. Three of the 6 late-onset cases, but none of the 16 neonatal cases, had the 13 
K193del mutation, which has been reported to be the most common variant of Chinese thrombophilia. 14 
A novel mutation of A309V was determined in a late-onset family of two patients. Conclusions. The 15 
genotype of double-PROC mutants might show less diversity than heterozygous mutants in terms of 16 
the timing of the onset of thrombophilia (newborn-onset or late-onset). 17 
18 
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Introduction 1 
The development of thromboembolism depends on the genetic background of patients and triggering 2 
factors. The presence of protein C (PC), protein S (PS) and antithrombin deficiencies is associated with 3 
a high risk of inherited thrombophilia. Patients who are heterozygous for either gene mutation develop 4 
venous thromboembolism earlier than the carriers of factor V G1691A (FV Leiden) or prothrombin 5 
G20210A (FII variant) [1]. In contrast to the high allelic frequency of FV Leiden or FII variant in 6 
Caucasians, neither of these mutations has been found in Asian patients. These natural anti-coagulant 7 
deficiencies are thus the leading genetic cause of Asian thrombophilia [2]. Recent studies [3,4] and a 8 
nationwide survey [5] in Japan have shown that the major inherited thrombophilia in pediatric patients 9 
is protein C (PC) deficiency, while protein S (PS) deficiency mainly affects adult patients due to the 10 
high prevalence of PS-Tokushima K196E [6,7].  11 
Severe PC deficiency is an extremely rare thrombophilia due to complete PC defects, presenting 12 
as neonatal purpura fulminans (PF) in both Asian and Caucasian populations. Infants with double 13 
mutations of the PC gene (PROC) develop neonatal PF and/or stroke [8,9] and rarely escape the 14 
development of thromboses during infancy and childhood. Fetal distress and infections can predispose 15 
individuals who are heterozygous for PROC mutations to neonatal and pediatric thromboses [10-12]. 16 
However, little information is available on the onset of disease in PC-deficient individuals who harbor 17 
double mutations of PROC.  18 
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We herein report the first presentation and genotype of patients with biallelic PROC mutations 1 
in Japan in our own cohort and in an extensive review of the literature. Notably, six patients with 2 
double mutations of PROC developed no overt thromboembolic events until they reached 15 years of 3 
age. The genotypes and phenotypes of patients with neonatal- and late-onset thrombophilia are 4 
discussed. 5 
6 
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Patients and Methods 1 
Subjects and data collection 2 
Clinical data were collected from our cohort genetic study and a literature review. Twelve patients were 3 
diagnosed with biallelic PROC defects, as assessed by the thrombophilic screening of plasma PC 4 
activity and/or a genetic study at Kyushu University from 1993 to 2015. This study was certified by the 5 
Institutional Review Board of Kyushu University (#232–02) and Yamaguchi University (H26-136). 6 
Written informed consent was obtained from all of the subjects. The collected data included gender, the 7 
age at the onset of each thromboembolic event, the family history of PC deficiency, PC antigen and 8 
activity levels, genetic study results, and the outcomes. We further reviewed all of the publications and 9 
sentinel sources, including meeting reports in Japan, using the Japana Centra Revuo Medicina, 10 
PubMed, and Google Scholar for citations that were published from 1981 to December 2015. The 11 
search terms were congenital, inherited, hereditary or heritable PC deficiency, compound heterozygous, 12 
PF and thrombophilia. We collected 22 PC-deficient patients for our analysis, including 12 from our 13 
cohort and 10 from the extensive review [13-19].  14 
 15 
Coagulation study 16 
Coagulation tests were performed in our cohort as described previously [4]. The anticoagulant activities 17 
of PC were determined using the Staclot Protein C kit (Diagnostica Stago, Asnieres, France). The 18 
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reference ranges of the PC activity/antigen levels for term and preterm infants and other subjects were 1 
based on those reported in previous studies [4,6,8,20]. In our cohort study, the plasma PC activity was 2 
determined using repeated coagulation tests (including factor VII activity) at the time of diagnosis and 3 
during the disease course. 4 
 5 
Genetic analyses 6 
Genomic DNA was extracted from peripheral blood leukocytes after obtaining informed consent from 7 
the patients. The direct sequencing of polymerase chain reaction (PCR) products was performed for the 8 
coding regions of PROC (exons 1–9), as described previously [6]. The exon and exon-intron boundary 9 
regions of each gene, including the promoter region, were amplified by PCR, and the products were 10 
then subjected to direct sequencing using an ABI 377 (Applied Biosystems, Foster City, CA, USA). 11 
12 
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Results 1 
Clinical presentation of PC-deficient patients with double mutations 2 
The characteristics of all 22 patients who had double-allele PROC mutations are summarized in Table 3 
1, based on our cohort and a review of the cases that were reported between 1985 and 2015 [4,6,9]. 4 
There was no declared consanguinity in the 20 unrelated families, including twins (Patients [Pts] 12-1 5 
and 12-2) and a child (Pt 16-1) and his mother (Pt 16-2). They had 4 homozygous and 18 compound 6 
heterozygous mutations. Sixteen newborns first presented with either PF (n=11, 69%), intracranial 7 
thrombosis and hemorrhaging (ICTH) (n=13, 81%), or both (n=8, 50%). Of the 16 neonatal-onset 8 
patients, 2 had prenatal cerebral lesions that were assessed by imaging analyses, and 11 and 6 infants 9 
presented within 7 days and within the first 24 h after birth, respectively.  10 
Six patients first presented after the neonatal period. Two developed deep vein thrombosis 11 
(DVT) in adolescence and early adulthood, while 2 others were elderly patients with cerebral 12 
infarctions. Pt 16-1 first presented with epilepsy at 3 years of age but did not experience overt 13 
thrombosis without anti-coagulant therapy until 12 years of age. Pt 17 was diagnosed with PC 14 
deficiency at 22 years of age, when a subclinical hypercoagulable state was identified during the 15 
persistent febrile period of cervicitis (high D-dimer levels and sustained low levels of plasma PC 16 
activity). The detailed clinical information of Pts 16-1, 16-2, and 17 in our cohort are shown in the 17 
Supplemental Table S1. 18 
 19 
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Plasma PC activity and the genotype of the neonatal- and late-onset cases 1 
All but one of the neonatal onset patients (Pt 11) showed a plasma PC activity of <10% (the lowest 2 
detectable limit) at the time of their diagnosis. In contrast, the late-onset patients showed a median PC 3 
activity of 31% (range: 19-52%) at the time of their diagnosis. In Japan, 5 recurrent mutations (ex7: 4 
c.541T>G, p.F181V, ex7: c.631C>T, p.R211W [PC-Tochigi], ex9: c.1015G>A, p.V339M, ex9: 5 
c.1218G>A, p.M406I, ex9: c.1268delG, p.G423VfsX82 [PC-Nagoya]) were reportedly found in 49% 6 
of Japanese families with PC deficiency [19]. Fifteen of 22 patients (68%) had these 5 major mutations 7 
(p.G423VfsX82 [n=7], p.V339M [n=4], p.R211W [n=3], p.M406I [n=3], and p.F181V [n=71] or 2 8 
other reported mutations (p.E68K [n=3], and p.K193del [PC-Tottori] in [n=73] in Japan. PC-Nagoya 9 
was the most frequent allele (22%; 7/32) in the neonatal onset cases (44%; 7 of 16 patients). In 10 
contrast, PC-Tottori was the most frequent allele (25%; 3/12) in the late-onset cases (50%; 3 of 6 11 
patients). Two of the 5 major mutations in the neonatal cases (G423VfsX82, V339M) were not found 12 
in the late-onset cases, while the other 3 mutations in neonatal cases (R211W, M406I, and F181V) 13 
were found in late-onset cases. The novel mutation p.A309V was found in a late-onset family (Pts 14 
16-1 and 16-2). 15 
16 
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Discussion 1 
The present study first characterized the onset of disease and the genotype of PC deficiency in patients 2 
with double mutations. Early-onset patients presented with PF and/or ICTH within 24 h after birth, 3 
with PC activity levels of <10%. Late-onset patients developed overt DVT at >15 years of age, with a 4 
PC activity of >20%. The genotypes of the neonatal cases were highly restricted to the major Japanese 5 
mutations [6,7,19]. In contrast, the late-onset patients showed genotypes that were distinct from the 6 
neonatal cases, including p.K193del and a novel mutation. The distinct mutation spectrum in patients 7 
of this ethnic background may explain the first presentation of PC-deficient patients with double 8 
mutations. 9 
The first survey of double PROC mutations demonstrated that there were 2 types of disease: the 10 
majority of cases were classified as neonatal onset (72%), while in the remaining late-onset cases, 11 
thromboembolic events first occurred after adolescence. The present cohort corroborated the finding 12 
that the majority of PC-deficient patients with double PROC mutations first presented with neonatal 13 
PF and/or ICTH [9]. More than 200 PROC mutations have been reported. The high allele frequency of 14 
PC-Nagoya (44%) in the newborns was as we previously predicted [3,9]. The onset age and mode of 15 
the late-onset patients with double mutations were varied. Late-onset patients with the double 16 
mutations of PROC are rarely reported in Caucasians [21,22] but are increasing in number in Asian 17 
countries [18,19,23-32] (Table 2). This discrepancy may be due to the high allelic frequency of FV 18 
Leiden and FII variant in Caucasians, which hampers the detection of rare double PROC mutations in 19 
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adult patients. Manabe et al. [32] previously reported a late-onset case in a patient with genetically 1 
undetermined PC deficiency (<5% of PC activity) who first presented with DVT at 14 years of age. 2 
Although he was also found to have dysplasminogenemia, which might augment hypercoagulability, 3 
the late onset of the patient’s disease was not explained. Iijima et al. [18] reported a patient with 4 
homozygous K193del as PC-Tottori, who first developed DVT at 23 years of age, with a non-severe 5 
PC activity level of 52% (Table 1, Pt 18). Recent large studies in Japanese adults have reported no 6 
patients having double mutations of PROC [6,7]. In contrast, Miyata et al. [19] previously recognized 7 
K193del as a polymorphism because the PC activity levels were subnormal, as shown in the 2 elderly 8 
patients with PC activity >60% (Table 1, Pt 19 and Pt 20). K193del has been recently identified as the 9 
most common variant in Chinese patients, although the amidolytic PC activity-based screening system 10 
does not discriminate the variant carrier from non-carrier [33]. K193del, M406I and R211W continue 11 
to be found in Korean [31] and Japanese patients with late-onset double PROC mutations (Table 2). In 12 
this line, the variant allele of K193del may be prevailing as a type II deficiency in Asian patients with 13 
late-onset double PROC mutations.  14 
A late-onset family (Pt 16-1 and Pt 16-2) harbored a novel mutation of c.926C>T in exon 9. Pts 15 
16-1 and 17 were diagnosed with moderately severe type I and type II PC-deficiency, respectively. 16 
The levels of PC activity in Pt 16-1 were >10% during infancy and >20% during his school life (data 17 
not shown). A PC activity level of 20% was the hallmark of the late-onset cases (Table 1). The disease 18 
onset of biallelic PC deficiency might depend on the genotype that retains 20% of the PC activity 19 
levels in daily life.  20 
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A major concern is the true prevalence of inherited PC deficiency. Pts 16 and 17 were found in 1 
our pediatric thrombophilia cohort [4,9]. The low allelic frequency of PROC mutations in patients of 2 
other ethnicities (<0.5%) was originally estimated from a population study based on the assessed 3 
plasma activity. A single assay of natural anticoagulants lacks the power necessary to determine the 4 
inherited deficiency. The asymptomatic parents with a heterozygous PROC mutation, such as F181V 5 
and K193del in this study (Supplemental Table S1) and our recent report [11], probably show a 6 
normal PC activity level. In pediatric screenings, physiologically low concentrations of natural 7 
coagulants also hamper reaching a diagnosis of inherited thrombophilia. Thus, the true frequency of 8 
Japanese carriers of a heterozygous PROC mutation may be higher than the previous reports. It is 9 
necessary to clarify the true frequency that we would find out clinical and laboratory signs in 10 
asymptomatic variants. Further studies should be directed towards the early diagnosis of 11 
asymptomatic PC deficiency in various conditions, especially for the late-onset type of double 12 
mutations. 13 
 14 
Acknowledgements: We thank Dr. Brian Quinn (Editor-in-Chief of Japan Medical Communication) 15 
for editing the manuscript. This work was supported by Grants-in-Aid for Scientific Research 16 
(Research on Intractable Diseases) from the Ministry of Health, Labor and Welfare of Japan.  17 
 18 
Conflict of Interest statement: The authors declare no conflicts of interest in the present study.19 
  
 
This article is protected by copyright. All rights reserved. 
15 
 
References 1 
1 Holzhauer S, Goldenberg NA, Junker R, et al. Inherited thrombophilia in children with venous 2 
thromboembolism and the familial risk of thromboembolism: an observational study. Blood 3 
2012;120:1510-1515. 4 
2 Yin T, Miyata T. Dysfunction of protein C anticoagulant system, main genetic risk factor for 5 
venous thromboembolism in northeast Asians. J Thromb Thrombolysis 2014;37:56-65. 6 
3 Ohga S, Ishiguro A, Takahashi Y, et al. Protein C deficiency as the major cause of thrombophilias 7 
in childhood. Pediatr Int 2013;55:267-271. 8 
4 Ichiyama M, Ohga S, Ochiai M, et al. Age-specific onset and distribution of the natural 9 
anticoagulant deficiency in pediatric thromboembolism. Pediatr Res 2016;79:81-86.  10 
5 Ishiguro A, Ezinne CC, Michihata N, et al. Pediatric thromboembolism: a national survey in Japan. 11 
Int J Hematol 2016 Aug 18. [Epub ahead of print] 12 
6 Kinoshita S, Iida H, Inoue S, et al. Protein S and protein C gene mutations in Japanese deep vein 13 
thrombosis patients. Clin Biochem 2005;38:908-915. 14 
7 Miyata T, Sato Y, Ishikawa J, et al. Prevalence of genetic mutations in protein S, protein C and 15 
antithrombin genes in Japanese patients with deep vein thrombosis. Thromb Res 2009;124:14-18. 16 
  
 
This article is protected by copyright. All rights reserved. 
16 
 
8 Price VE, Ledingham DL, Krümpel A, Chan AK. Diagnosis and management of neonatal purpura 1 
fulminans. Semin Fetal Neonatal Med 2011;16:318-322. 2 
9 Ohga S, Kang D, Kinjo T, et al. Paediatric presentation and outcome of congenital protein C 3 
deficiency in Japan. Haemophilia 2013;19:378-834. 4 
10 Fong CY, Mumford AD, Likeman MJ, Jardine PE. Cerebral palsy in siblings caused by compound 5 
heterozygous mutations in the gene encoding protein C. Dev Med Child Neurol 2010;52:489-493. 6 
11 Ichiyama M, Ohga S, Ochiai M, et al. Fetal hydrocephalus and neonatal stroke as the first 7 
presentation of protein C deficiency. Brain Dev 2016;38:253-256. 8 
12 Ishimura M, Saito M, Ohga S, et al. Fulminant sepsis/meningitis due to Haemophilus influenzae in 9 
a protein C-deficient heterozygote treated with activated protein C therapy. Eur J Pediatr 10 
2009;168:673-677. 11 
13  Nakayama T, Matsushita T, Hidano H, et al. A case of purpura fulminans is caused by 12 
homozygous delta8857 mutation (protein C-nagoya) and successfully treated with activated 13 
protein C concentrate. Br J Haematol 2000;110:727-730. 14 
14 Takagi A, Tanaka R, Nakashima D, et al. Definite diagnosis in Japanese patients with protein C 15 
deficiency by identification of causative PROC mutations. Int J Hematol 2009;89:555-557. 16 
  
 
This article is protected by copyright. All rights reserved. 
17 
 
15 Ido M, Ohiwa M, Hayashi T, et al. A compound heterozygous protein C deficiency with a single 1 
nucleotide G deletion encoding Gly-381 and an amino acid substitution of Lys for Gla-26. Thromb 2 
Haemost 1993;70:636-641. 3 
16 Tairaku S, Taniguchi-Ikeda M, Okazaki Y, et al. Prenatal genetic testing for familial severe 4 
congenital protein C deficiency. Hum Genome Var 2015;2:15017. 5 
17 Sekiguchi K, Akiyoshi K, Okazaki N, et al. PLEDs in an infant with congenital protein C 6 
deficiency: a case report. Clin Neurophysiol 2010;121:800-801. 7 
18 Iijima K, Nakamura A, Kurokawa H, Monobe S, Nakagawa M. A homozygous protein C 8 
deficiency (Lys 192 del) who developed venous thrombosis for the first time at adulthood. Thromb 9 
Res 2010;125:100-101. 10 
19 Miyata T, Sakata T, Yasumuro Y, et al. Genetic analysis of protein C deficiency in nineteen 11 
Japanese families: five recurrent defects can explain half of the deficiencies. Thromb Res 12 
1998;92:181-187. 13 
20 Sosothikul D, Kittikalayawong Y, Aungbamnet P, Buphachat C, Seksarn P. Reference values for 14 
thrombotic markers in children. Blood Coagul Fibrinolysis 2012;23: 208-211. 15 
21 Tjeldhorn L, Sandset PM, Haugbro K, Skretting G. Hereditary protein C deficiency caused by the 16 
Ala267Thr mutation in the protein C gene is associated with symptomatic and asymptomatic 17 
venous thrombosis. Thromb Res. 2010;125:230-234. 18 
  
 
This article is protected by copyright. All rights reserved. 
18 
 
22 Boey JP, Jolley A, Nicholls C, et al. Novel protein C gene mutation in a compound heterozygote 1 
resulting in catastrophic thrombosis in early adulthood: diagnosis and long-term treatment with 2 
subcutaneous protein C concentrate. Br J Haematol 2016;172:811-813. 3 
23 Yang LH, Zheng FX, Chen Y, et al. The significance of F139V mutation on thrombotic events in 4 
compound heterozygous and homozygous protein C deficiency. Blood Coagul Fibrinolysis 5 
2014;25:824-830. 6 
24 Liu H, Wang HF, Tang L, et al. Compound heterozygous protein C deficiency in a family with 7 
venous thrombosis: Identification and in vitro study of p.Asp297His and p.Val420Leu mutations. 8 
Gene 2015;563:35-40. 9 
25 Tang L, Guo T, Yang R, et al. Genetic background analysis of protein C deficiency demonstrates a 10 
recurrent mutation associated with venous thrombosis in Chinese population. PLoS One 11 
2012;7:e35773. 12 
26 Yang LH, Wang MS, Zheng FX, et al. Different impact of two mutations of a novel compound 13 
heterozygous protein C deficiency with late onset thrombosis. Genet Mol Res 2014;13:2969-2977. 14 
27 Luan CJ, Shen W, Yu Z, et al. Two nonsense mutations cause protein C deficiency by 15 
nonsense-mediated mRNA decay. Thromb Res 2015;135:733-738. 16 
28 Tsay W, Shen MC. R147W mutation of PROC gene is common in venous thrombotic patients in 17 
Taiwanese Chinese. Am J Hematol 2004;76:8-13. 18 
  
 
This article is protected by copyright. All rights reserved. 
19 
 
29 Sirachainan N, Sasanakul W, Visudibhan A, Chuansumrit A, Wongwerawattanakoon P, 1 
Parapakpenjune S. Protein C deficiency in Thai children with thromboembolism: A report of 2 
clinical presentations and mutation analysis. Thromb Res 2010;125:200-202. 3 
30 Kim HJ, Kim DK, Koh KC, Kim JY, Kim SH. Severe protein C deficiency from compound 4 
heterozygous mutations in the PROC gene in two Korean adult patients. Thromb Res 5 
2008;123:412-417. 6 
31 Kim HJ, Seo JY, Lee KO, et al. Distinct frequencies and mutation spectrums of genetic 7 
thrombophilia in Korea in comparison with other Asian countries both in patients with 8 
thromboembolism and in the general population. Haematologica 2014;99:561-569. 9 
32 Manabe S, Matsuda M. Homozygous protein C deficiency combined with heterozygous 10 
dysplasminogenemia found in a 21-year-old thrombophilic male. Thromb Res 1985;39:333-341. 11 
33 Tang L, Lu X, Yu JM, et al. PROC c.574_576del polymorphism: a common genetic risk factor for 12 
venous thrombosis in the Chinese population. J Thromb Haemost 2012;10:2019-2026. 13 
14 
  
 
This article is protected by copyright. All rights reserved. 
20 
 
Legends 1 
Supplemental Table S1. The clinical profiles of three patients with the late-onset type PC 2 
deficiency in our cohort  3 
Pt, patient; DVT, deep vein thrombosis; PC, protein C; n.a, not available; rr, reference range; PROC, 4 
protein C-gene; c.hetero, compound heterozygote; homo, homozygote; PTE, pulmonary 5 
thromboembolism 6 
*: The details of the PROC mutation are shown in Table 1. 7 
Case presentations 8 
Pt 16-1 and Pt 16-2 9 
Pt 16-1 and Pt 16-2 were a 12-year-old boy and his 45-year-old mother (at the time of writing this 10 
manuscript). Pt 16-1 was born at 39 gestational weeks, weighing 3,752 g, by an elective caesarean 11 
delivery to a PC-deficient mother. The family history revealed thrombosis in the mother’s but not 12 
father’s relatives (Supplementary Figure 1A). None of the family members had received a genetic 13 
diagnosis. The mother (Pt 16-2) suffered from DVT and a pulmonary thromboembolism at 15 and 17 14 
years of age, respectively. Despite the administration of warfarin therapy, she experienced recurrent 15 
abortions because of DVT at 20, 25 and 26 years of age. She gave birth to the boy (Pt 16-1) at 34 years 16 
of age after a pregnancy course that involved prolonged heparinization and the replacement of 17 
plasma-derived activated PC (Anact C®). Pt 16-1 lived an active neonatal life, with a PC activity of 18 
13% at 5 days after birth (Supplementary Figure 1B). Thereafter, the PC activity levels were 19 
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approximately 20%. Partial epilepsy occurred at 3 years of age but subsided at 5 years of age. 1 
Magnetic resonance imaging and electroencephalography indicated no abnormalities. A physical 2 
examination revealed that the boy had no abnormalities, and he has continued to enjoy participating in 3 
a judo club after school. Coagulation studies revealed a normal prothrombin time and activated partial 4 
thromboplastin time. The plasma levels of protein induced by the absences of vitamin K or 5 
antagonist-II were undetectable. The fibrinogen concentration was below normal (165 mg/dL, 6 
reference range: 200-400 mg/dL), but none of the fibrinogen degradation products or D-dimer levels 7 
increased. The patient’s thrombin-antithrombin complex, α2-plasmin inhibitor-plasmin complex, 8 
thrombomodulin, plasminogen activity, and plasminogen activator-tissue plasminogen activator 9 
inhibitor-1 complex levels were all normal. The patient’s antithrombin (110%) and PS activity (73%) 10 
levels were normal for his age. The plasma PC activity (27%) and antigen (21%) levels were low for 11 
his age (Figure 1B). The patient was negative for lupus-anticoagulants. A genetic analysis using 12 
peripheral blood-derived DNA revealed a reported mutation of c.541T>G, p.F181V in exon 7 and an 13 
unreported one of c.926C>T, p.A309V in exon 9. His 49-year-old father, who had no thrombotic 14 
history, showed a PC activity of 80% (reference range: 75-131%) and carried a heterozygous mutation 15 
in exon 7 (c.541T>G). The exon 9 mutation of c.926C>T, but not the wild genotype, was found in the 16 
mother. 17 
 18 
Pt 17 19 
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Pt 17 was a 22-year-old female patient who was referred to us because of a transient increase in her 1 
D-dimer levels during the febrile period of cervicitis. Subclinical coagulopathy subsided uneventfully 2 
without anti-coagulation therapy. She showed no abnormalities on physical and laboratory 3 
examinations. She had no personal or family history of illness. Coagulation studies revealed a normal 4 
prothrombin time and activated partial thromboplastin time. Protein induced by the absence of vitamin 5 
K or antagonist-II was undetectable. The patient’s fibrinogen, fibrinogen degradation products, 6 
D-dimer, thrombin-antithrombin complex, α2-plasmin inhibitor-plasmin complex, thrombomodulin, 7 
plasminogen, and plasminogen activator-tissue plasminogen activator inhibitor-1 complex levels were 8 
all normal. The patient’s plasma PC activity (17%) and antigen levels (50%) but not antithrombin 9 
(99%) or PS activity (78%) were low. The patient was negative for lupus-anticoagulant. A genetic 10 
analysis revealed compound heterozygous PROC mutations of c.577-579delAAG, p.K193del in exon 11 
7, and c.631C>T, p.R211W in exon 7. A family study was not performed because informed consent 12 
could not be obtained. 13 
 14 
 15 
